Cooked rice bread was made with cooked rice substituted for 0 to 30% of the wheat flour. Eleven rice cultivars were used to clarify the effects of rice properties on specific loaf volume (SLV). The cooked rice bread had higher SLV than the bread without substitution, except for bread made with rice having highamylose content. The maximum specific loaf volume (Max SLV) of cooked rice bread was calculated using SLV loaf volumes. Max SLV was negatively correlated with amylose content and rice hardness, while rice stickiness factors were positively correlated with Max SLV. Because amylose content affects rice hardness and stickiness, amylose content appears to play a key role on SLV. Most of the popular rice cultivars in Japan are sticky and soft, with intermediate amylose content, and yields cooked rice bread with high volume.
Introduction
Rice is a staple food in Japan. However, rice consumption by Japanese has decreased in recent years, and this is becoming an economic problem (Ministry of Agriculture, Forestry and Fisheries, 2007) . The development of processed food made with rice flour is reportedly expanding rice consumption (Yoza et al., 2008) . On the other hand, many Japanese tend to eat bread for breakfast and lunch as a result of the introduction of European and American eating habits. The Japanese government has recommended the introduction of rice flour bread for school lunches in elementary and junior high schools in order to expand the consumption of rice. Bread making with rice flour has therefore developed and has been widely reported a,b, Araki et al., 2009 .
However, rice flour bread does not rise as much as wheat flour bread (Ogawa et al., 2003 , Yamauchi et al., 2004 . Ordinary rice flour bread has a lower volume than wheat flour bread, as the glutenin and gliadin necessary for the gluten net in the bread structure are not present in rice. Most rice flour bread is therefore made with gluten powder and other additives in order to improve bread volume, but gluten powder is often produced from imported wheat, and this is unsuitable for improving Japanese food self-sufficiency.
Many researchers have made efforts to produce essential structures using compounds other than gluten in non-wheat bread (Moore et al., 2006 , Gallagher et al., 2004 . Hydrocolloids such as hydroxy propyl methylcellulose (HPMC) yield non-wheat flour bread with good volume (Cato et al., 2004 , Lazaridou et al., 2007 . Gujral used cyclodexitrinase or glucose oxidase to improve the quality of rice bread (Gurjal et al., 2003 (Gurjal et al., , 2004 , while Takahashi treated rice grains with hydrolytic enzymes (Takahashi et al., 2009) . Although these methods were effective for producing rice bread, they require specialized equipment and are associated with high financial cost.
We previously reported a method for making bread with Koshihikari cooked rice substituted for part of the wheat flour (Okunishi 2009 ). The method simply used cooked rice, and did not require any additional processes or techniques. Despite the absence of gluten, bread made with cooked rice rose. The bread was also found to be sweet and soft on sensory test. The evaluation of rice properties is usually performed using normal cooked rice, and although the effects of rice properties on rice flour bread have been investigated, the effects of rice properties on cooked rice bread are unclear. As there are various types of rice in Japan, we herein produced cooked rice bread using various Japanese rice cultivars in order to clarify the effects of rice properties on cooked rice bread.
with cooked rice on a dry weight basis (substitute ratio; 5, 10, 15, 20, 25 and 30%) . Bread composition is shown in Table 2 . Total weight of wheat flour, cooked rice and water was 430 g.
Bread volume and firmness Baked bread was cooled at room temperature for 1 hour after baking. Bread volume was measured with a laser volume measurement machine (Selnac-Win VM, ASTEX Research & Development Co., Ltd.). Specific loaf volume was measured in triplicate. Crumb firmness was then determined on a Tensipresser (Myboy System, Taketomo electric incorporated, Japan). Sliced bread was compressed to 25% of its original height (AACC, 2000) , and the firmness was measured as peak force of compression.
Measurement for physical properties of cooked rice grains Measurement of hardness, stickiness and adhesion of cooked rice was performed according to the method by Okadome (Okadome et al., 1998) . Ten grams of rice grains was cooked with 16 g of water in an aluminum cup. The cooked rice sample was kept for 2 h at room temperature. The hardness and viscosity of rice grains was then measured under multi-bite conditions with a Tensipresser.
Pasting properties of rice Pasting properties of raw rice flours were measured using a Rapid Visco Analyser (RVA-3D, Newport Scientific Pty Ltd., Australia, Okadome et al., 2005) . Water (25 ml) was added to 3.5 g of polished riceflour, equivalent to 14% moisture in an RVA canister. An aqueous solution of 0.5% copper sulfate was added instead of water to waxy rice, Koganemochi, and low amylosecontent rice, Milky queen, in order to prevent high amylase activity disrupting RVA analysis (Osawa and Inoue 2007) . A heating and cooling cycle was programmed according to Toyoshima (Toyoshima et al., 1997) .
Scanning electron microscope image (SEM) At 3 h after the start bread making, dough in the final fermentation stage was frozen in liquid nitrogen and freeze-dried. SEM images of the dough were obtained using a JSM 5600LV at 10 kV (JEOL, Japan).
Materials and Methods
Rice Eleven types of rice produced in Japan were used in this study. The rice cultivars used are all commercially available, as follows: Koganemochi; Milky Queen; Koshihikari; Nipponbare; Hinohikari; Kinuhikari; Haenuki; Akitakomachi; Hitomebore; Kirara397; and Yumetoiro. Brown rice grains were polished using a rice polishing machine (Yamamoto, Japan) to 90% yield.
Rice powder was prepared for analysis of amylose and protein contents (Table 1) . Amylose contents of rice were measured using the colorimetric method with iodine (Juliano1971). Potato amylose (Type III, Sigma Chemical Co., USA) and waxy rice starch (Shimada Chemical Industry Co., Ltd., Japan) were used as amylose and amylopectin standards, respectively. Nitrogen contents were analyzed by the combustion method with LECO FP-528 (LECO, St. Joseph, Miss., USA. AOAC 2005 . Protein contents were calculated by conversion from nitrogen contents.
Bread making Strong wheat flour (Camellia, Nisshin flour Milling Inc., Japan), instant dry yeast (Super Camellia, Nisshin Foods Inc., Japan), sugar, salt and butter were purchased commercially. An automatic baking machine (Home Bakery, Panasonic SD-BH101, National, Japan) was used for bread making. All ingredients were placed in the baking pan of the bread machine in accordance with the manufacturer's protocol.
Three hundred grams of polished rice were washed 5 times with tap water, followed by addition of 480 g of deionized water. Rice was then cooked with an IH electric rice cooker (NH-WA18, ZOJIRUSHI Corp., Japan). The cooked rice was allowed to cool at room temperature before use in bread making.
Basic composition was wheat flour (250 g), sugar (17 g, 7.5% flour basis), salt (5 g, 2% flour basis), butter (10 g, 4% flour basis), instant dry yeast (2.8 g, 1.12% flour basis), and water (180 ml, 72% flour basis). Wheat flour was replaced 4 groups based on amylose contents: waxy (Koganemochi), low-amylose content (Milky Queen), high-amylose content and intermediate-amylose content (other cultivars). Max SLV was lower with higher amylose contents. Amylose contents thus had a strong negative correlation with Max SLV (r = −0.896). Therefore, amylose contents of rice were partially related to bread volume. Amylose contents are thought to be specific to each rice cultivar, and are therefore a useful index. The relationship between protein contents and Max SLV was also showed a negative correlation. Protein contents varied among the tested rice cultivars. Protein contents of rice are strongly influenced by cultivation conditions, varying with the soil, water, environment temperature and fertilizer used. The influence of nitrogen in the soil is considered to be particularly strong (Datta et al., 1972, Gomez and Datta 1975) . The cooked rice of high-protein cultivars is hard and has low stickiness, as well as poorer taste. Analysis of rice grown with different nitrogen fertilizers showed that protein content was correlated with surface hardness, while amylose
Results and Discussion
Specific loaf volume (SLV) of cooked rice bread Koshihikari cooked rice was previously reported to improve bread quality (Okunishi, 2009) . Bread with cooked rice substituted for 20% of the wheat flour rose higher than that with no substitution, even though the total gluten content is low in cooked rice. Here, cooked rice bread was made with various substitution rates, from 0% to 30%, using several rice cultivars. Cooked rice bread with Koganemochi at 15% and 20% substitution rose over the pan and stuck to the lid of the machine during baking. Therefore, bread volume was corrected by preparing cooked rice bread with 10% less dough volume. Specific loaf volume (SLV) for each rice cultivar is shown in Fig. 1 . The SLV for each ratio gave a quadratic curve with a downward opening parabola. For each rice cultivar, there was a distinct peak SLV. The vertex point decided maximum specific loaf volume (Max SLV) for each rice cultivar and the ratio that gave it. Max SLV values are shown in Table 2 for comparison. In the case of Yumetoiro, SLV decreased as substitute rate increased. Therefore, SLV at 0% substitution was used as a provisional Max SLV for Yumetoiro. Max SLV was used as an evaluation factor for bread quality. On the other hand, the soft texture of cooked rice bread was important on sensory evaluation in our previous study. Thus, bread firmness for each bread was measured, but clear correlations between cooked rice bread firmness and SLV could not be determined (data not shown).
Amylose and protein contents of rice The chemical properties of rice were examined in order to evaluate rice quality. Amylose and protein contents were thus measured for each rice cultivar (Table 1) , and were respectively plotted against Max SLV (Fig. 2) . Rice cultivars were classified into data were similar to previous reports on rice properties. H1, which is a measure of surface hardness, showed a negative correlation with Max SLV. Other items related to the rice surface, A3, balance 1 (hardness) and balance 2 (adhesiveness), were strongly correlated with Max SLV. These items refer to the stickiness of rice. Furthermore, items related to overall texture, A6 and balance 2 (adhesiveness), which are related to stickiness of whole grains, showed correlations with Max SLV, but these correlations were weaker than those of surface textures. These results suggested that rice surface stickiness and hardness are more substantial effects on Max SLV than whole-grain properties. As Japanese prefer sticky and soft rice, rice favorably evaluated for palatability in Japan tends to be relatively soft and sticky. In other words, rice evaluated as having good texture in Japan tended to give better SLV. Pasting properties of rice and Max SLV Rice that is considered to be palatable tends to show high peak viscosity. Low consistency values are thought to give cooked rice a soft texture and good flavor; high consistency values are regarded as the result of starch retrogradation. Pasting propcontents affect rice hardness. (Okadome et al., 1999) . Onda developed a new rice cultivar for rice bread, in which the proteins produced formed disulfide bonds in the rice endosperm via oxidoreductase (Onda et al., 2009) . The influence of protein content was therefore uncertain.
Physical properties The physical properties of individual cooked rice grains of each type of rice are shown in Table 4 . The two-bite system of Tensipressor is able to examine both surface and whole-grain physical properties individual rice grains. The surface tended to show low compression (25%), while whole grains showed high compression (90%). The correlation coefficients (R value) between each item and Max SLV are shown at the bottom of Table 4 . The items measured were selected based on those reported by Suzuki (Suzuki et al., 2006a (Suzuki et al., , 2006b ). H1and H2 indicate hardness, while adherent -H1 and -H2 (stickiness) and A3 and A6 (adhesiveness) describe sticky characteristics. The high-amylose content Yumetoiro was the hardest among the rice cultivars used in this study, while the waxy Koganemochi and low-amylose content Milky Queen were softer than other rice cultivars. These Physical parameters were referred to Suzuki et al., (Suzuki et al., 2006a (Suzuki et al., , 2006b ).
properties were also strongly correlated with amylose contents (Table 6 ). Correlations with RVU and Max SLV were thought to be affected by amylose contents. Rice hardness and chemical properties are thus dependent on one another, and influence SLV of cooked rice bread.
Rice showing final viscosity/maximum viscosity values of >1.0 is regarded as hard rice. Chemical properties of rice also affect physical properties. Amylose contents in rice were correlated with hardness, but were negatively correlated with stickiness (Juliano, 1981) Okadome reported that amylose contents of rice were correlated with total hardness in single grains of cooked rice (Okadome et al., 1998 (Okadome et al., , 2002 . Highamylose content rice is hard and not considered palatable . High-amylose content Yumetoiro is regard as hard rice, and small pieces of Yumetoiro cooked rice grain remained in bread as a result of this hardness. Rice paste was used to investigate how diffusion of cooked rice dough affects bread volume. The use of rice paste in bread made with rice flour reported improves bread volume (Kainuma and Tanaka, 2009 ). Cooked Yumetoiro rice was homogenized and used to make rice bread, but bread volume was lower when compared with non-substituted bread and Koshihikari cooked rice bread (Fig. 3A) . The significant differences between Yumetoiro and other rice cultivars were amylose contents, hardness and viscosity. Thus, amylose contents and stickiness have greater influence over bread volume than hardness.
Rice properties affected rice bread, with waxy rice yielding bread with a concave shape (Takahashi et al., 2009 ). Low-amylose content rice gave low-volume bread, while intermediate-and high-amylose content rice gave highvolume bread. Bread shape is a measure of bread quality. Cooked rice bread made with waxy Koganemochi rice had high volume, but showed a concave shape over time (Fig. erties of rice cultivars were measured by RVA and the values (RVU) are shown in Table 5 . Correlation coefficients with Max SLV are also shown at the bottom of Table 5 . Onset temperature was similar in the tested rice cultivars. Max SLV was negatively correlated with minimum viscosity, final viscosity, consistency and final viscosity/maximum viscosity. On the other hand, breakdown was positively correlated with Max SLV. Based on these results, palatable rice according to RVU data had higher Max SLV.
The cooked rice was used after cooling at room temperature to produce cooked rice bread. As high-temperature raw materials are unfavorable for bread making, due to interference with yeast fermentation, consistency is considered to affect the bread-making process.
Correlation between Max SLV and rice properties The correlation coefficient (R value) between Max SLV and other rice properties was determined. Table 6 lists the factors having high positive or negative correlation coefficients with Max SLV. Max SLV was negatively correlated with amylose and protein contents. Correlation coefficients between other rice properties and amylose or protein contents were then calculated. The physical properties listed were strongly correlated with amylose contents, similarly to stickiness factors (adhesion and balance) on rice surface, and consistency. Pasting properties (RVU), minimum viscosity (MV), final viscosity (FV), consistency and FV/PV balance were correlated with Max SLV, and with amylose contents. However, correlations with protein contents were weaker than those with amylose contents.
Toyoshima reported that amylose contents are correlated with RVU, minimum viscosity, final viscosity and consistency (Toyoshima et al., 1997) . Physical properties (amylose and protein contents) confirmed that rice hardness is correlated with consistency (Toyoshima et al., 1994) . The pasting Effects of Rice Properties on Bread Made from Cooked Rice and Wheat Flour Blend another.
Observation of dough structure of cooked rice SEM observation can provide useful information on bread structure. SEM images of rice bread dough show rice starch granules crowded within a weak gluten net. (Aoki, 2009 ). In the "Yukone" method, starch is gelatinized in dough, and covered pore walls are observed on SEM (Naito et al., 2005) . The reason that cooked rice bread has high volume is unclear. The dough of cooked rice bread was observed by SEM (Fig.  4) , and gelatinized rice starch was spread in the dough of cooked rice bread, appearing as fixed spaces among wheat starch granules, similar to sheets and walls (Figs. 4B, D) . As 30% substitution, the excess gelatinized starch inhibited dough stretching and disturbed dough swelling (Fig. 4 E) .
Gelatinized rice powder bread showed lower volume than rice powder bread (Takano, 1979) . This report suggests that broken starch granules in gelatinized rice powder increase water absorption. The difference between cooked rice and gelatinized rice powder in dough was thought to be the state of starch and water. Water exchange in wheat flour during bread making may also differ. Gelatinized starch from cooked rice is thought to be able to retain sufficient water to act as a glue. The gelatinized starch in cooked rice may spread and form a continuous matrix with gluten from wheat and hold the gas released by yeast fermentation. Cooked rice stickiness and hardness also influence its spread throughout the dough. Further investigations are necessary to clarify the detailed mechanisms.
Cooked rice is a Japanese staple, and is produced both in private homes and industrially. Cooked rice is therefore often left over after meals. Most rice in Japan is japonica rice, which has intermediate amylose contents. In other words, 3B). Thus, cooked rice bread made with waxy rice was of lower quality than that made with intermediate-amylose content rice. Intermediate-amylose content rice, such as Koshihikari, gave high SLV and bread was able to maintain its shape. Our study showed that cooked rice bread was affected by amylose content. Amylose content is thought to be related to cultivar, and not affected by culture conditions. Thus, it is an efficient index for the production of cooked rice bread. Hardness, stickiness and amylose contents also influence one K. iwashita et al. intermediate-amylose content rice is palatable, and is suitably soft and sticky. Such rice was found to be a useful material for producing cooked rice bread. Most of rice in Japan is thus appropriate for cooked rice bread baking. Surplus cooked rice in school lunches and large restaurants could be reused in the production of cooked rice bread, and this could increase rice bread volume. As a result, rice consumption will increase in Japan, improving rice self-sufficiency and ensuring and stable production and supply.
Conclusions
Cooked rice bread was produced with various rice cultivars in order to clarify the rice properties that most strongly affect bread properties. All breads produced with cooked rice had higher specific loaf volume than those produced with wheat flour alone, except for the case of high-amylose content rice. Correlations between rice properties and maximum specific loaf volume showed that palatable rice with intermediate amylose content, and possessing pleasant stickiness and hardness, yielded high-volume cooked rice bread.
Paul, MN. The dough of cooked rice bread was used Koshihikari cooked rice with 0%(A,C), 20% (B,D) or 30%(E) substitution. A, B;the dough was extended before freeze. C, D, E; the dough cut it out with keeping original figure before freeze.
Effects of Rice Properties on Bread Made from Cooked Rice and Wheat Flour Blend

